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(57) Abstract: A system is disclosed which makes it possible for a patient to be de- 
livered gradually reduced amounts of nicotine over dme thereby allowing the patient 
to be gradually weaned off of dependence on nicotine and quit smoking. The system 
is comprised of a means for aerosolizing a formulation and containers of formula- 
tion. The fomiulation is comprised of nicotine in a pharmaceutically acceptable car- 
rier. Preferably, a plurality of containers are produced wherein the concentration of 
nicotine in the different containers oR different groups of containers is reduced. The 
patient uses containers with the highest concentration initially and gradually moves 
towards using containeis with lower and lower concentrations of nicotine until the 
patient's dependence on nicotine is eliminated. 
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SYSTEM FOR EFFECTING SMOKE CESSATION 



FIELD OF THE INVENTION 
This invention relates generally to a method for treating conditions responsive to nicotine 
therapy. More specifically, the invention relates to puhnonary adnunistratio^ 
smoking cessation. 

BACKGROUND OF TOE INVENTION 

Diseases related to dgar^ smoking, sudi as hipg disease, heart disease and cancer, claim 
an estimated 400,000 lives each year. Hie combustion of tobacco produces poisons and carcinogens 
diat present a significant health hazard for smokers and non-snx)ken5ali^ Nicotine is a principal 
conqxment of tobacco, and the most pharmacologically active. It is physically addictive, making it 
extremely difficult for a smoker to quit. 

Smoking a cigarette delivers nicotine vapors to the lungs, where nicotine is r^idly absorbed 
through the arteries and delivered to the brain. Nicotine interacts with nicotinic cholinergic 
receptors in the brain to induce the release of neurotransmitters and produce an immediate reward— 
the "rush" that smokers experience-that is associated with a rapid rise in blood level. A persistent 
stimulus is also produced, and is associated with a high blood level of nicotine. Complex behavioral 
and social aspects of smoking, e.g., the hand4o-mouth ritual, etc., are also habit-fbnning. 

A therapeutic approach to aid in smoking cessation is to provide the smoker with nicotine 
fiom sources other than cigarettes. A number of nicotine replacement therapies have been 
developed to accomplish this result. Commercially available therapies deliver nicotine to the 
systemic drculation via absoiption through mucosal membranes or the skin. These include 
nicotine-containing chewing gum, sachets, transdeimal patches, capsules, tablets, lozenges, nasal 
sprays and oral inhalation devices. 

Nicotine delivery via inhalation offers the benefit of addressing the psychological 
component of cigarette smoking in addition to the physiological dependence on nicotine. Nicotine 
inhalation systans release nicotine as a vapor (see U.S. Patent Nos, 5,1 67,242; 5,400,808; 
5,501,236; 4,800,903; 4,284,089; 4,917,120; 4,793,366), aerosol (see U.S. Patent Nos. 5,894,841; 
5,834,01 1) or dry powder (see U.S. Patent No. 5,746,227) when air is inhaled through the mhaler. A 
droplet ejection device (U.S. Patent No. 5,894,841) has also been described that delivers a controlled 
dose of nicotine via inhalation. These systems deliver low doses of nicotine to the mouth and throat, 
where nicotine is absorbed through tiie mucosal membranes into the circulation. Some inhalation 
ther^ies feature devices that simulate or approximate the look, feel and taste of cigarettes. 
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Cuneotly available nicotme replacement thenqiies, such as transdennal and buccal systems, 
provide a low, steady-state blood level ofnicotine to the patient. Hie need remains for an smoking 
cessation therqjy Aat delivers a precise dose of nicotine to the lungs in a proffl 
blood levds achieved by dgaiette smoking-^viding an initial sharp rise in blood level foUowed 
5 by a slow release of nicotine--making it possible for the user to be vvean^ 
smoking. 



SUMMARY OF THE INVENTION 
A system for aiding a patient in quitting snraking is disclosed, lliesystemiscon^risedofa 

10 rneans for the ddivery of aerosolized riicotittewUchrnakBs it possible to graduaUyd 

amount ofnicodne that Aepatioit receives. The system comprises a means for aerosolizing a 
formulaticm comprised of nicotine and a means for decreasiiig the amount of nicotine formulation 
i^ch is aerosolized and/or the aniountwfaidiactuaUy reaches the patient's The 
amount of nicotine aerosolized or effectively delivered to the patient can be chaoged in several 

15 different ways using either the device aerosolization rnedianisrn, the fo^^ 
containers loaded into the device. 

A preferred system of the invention aerosolizes the liquid formulation by flying force to a 
container of nicotine formulation and causing the nicotine formulation to be moved through a porous 
membrane which results in creating particles of nicotine formulation which are inhaled by the 

20 patioit. This systan modifies the amount of nicotine aerosolized by providiiig a plurality of 

different containers or different groups of containers wherein the different containers or groups of 
contamers contam different concoitrations of nicotine. A patient using the system can utilize 
packets of nicotine formulation containing a high concentration initially and then gradually switch 
towards lower and lower concentrations so that the patient receives essentially the same amount of 

25 aerosolized formulation but receives gradually reduced amounts of nicotine due to the reduced 
concentratton of the nicotine in the fomiulation. 

The same procedure described above can also be carried with a dry powd^ inhaler PPI) . 
Using the dry powder inhaler tedmology the packets of dry powder nicotine formulation loaded into 
the device can initially contain a relatively high concentratton of nicotine. Thereafter, the 

30 concentration of nicotine in the dry powder fomnilation added into the device is gradually 

decreased. Thus, using this system the same amount of diy powder is aerosolized, but the amount of 
nicotine is gradually decreased by decreasing the concentration or simply die total ainount of 
nicotine in the dry powder package loaded into the device. The same procedure can be utilized with 
a conventionai metered dose inhaler (MDI) device. It is somewhat more difScult to. utilize the 

35 invention with an MDI device. However, small pressurized canisters conventionally used with 
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MDIs can oontam different conceotratiQDs of nicotine alcxig with the pnye llant By using a first 
container which inchules the highest concentratKon of nicotine and gradually chang mg to lower and 
lower concentraticns of nicotine in die pressuiized canister the desired resuh of reducing the amount 
ofnicotine delivered to the patient can be obtained. The same results could be obtained by gradually 
decreasing the amount of fionnnladoa released when fte value of a c(^^ 

When using a dry power inhaler or a system which aerosoUzes a liquid fbnnulatiQn by 
moving the fbnmilation through a ponms membrane it is possible to decrease 
gradually by making changes in Ae device, or more specifically the opendon of tte For 
example, a dry powder inhaler often utihzes a burst of air in onier to aen)SQlize the The 
bunt of air could be decreased so that not an of die powder is fiiUy aerosohzed or so that th^ 
is not aerosolized in a CQnapletelyefBdent manner. In a more prefened embodiment the system for 
aerosolizii^ liquid fimrnilation is ac^usted at different points so that different m of pressure are 
^lied to the fonnulation making it possible to aerosolize decreasing ammmts of formulation and 
allowing the patient to be graduaUy weaned off of nicotine. 

The most preferred embodimfint of the invention involves the use of a system which 
aerosolizes liquid foxmnladons of nicotine contained within individual packets vMch packets 
include a porous membrane. As indicated above the amount of nicotine that can be changed by 
changmg the amount of or concentration of nicotine in the packets. However, it is also possible to 
decrease the amoimt ofnicotine actually delivered to the patient's circulatoiy system by changing the 
size of the pores in the membrane. When the pore size is in a preferred range then a relatively high 
ccmcentration of the formulation aerosolized will reach the patient's lungs and move from the lungs 
into the patient's circulatory system. However, by making the pores larger the aerosolized particles 
created also become larger. The larger particles will not move into the hings as efficiently as tiie 
smaDer particles. Further, the larger particles may be deposited in areas where they are not readily 
absorbed into the patient's circulatory system. Thus, in accordance with a preferred embodiment of 
the invention a plurality of different containers are produced. The containers are different fi-om each 
other in that tiiey contain different amounts or concentrations of nicotine. Ahematively, the 
containers are different frcnn each other in that they have different porous membranes on them 
which make it possible to aerosohze the fonnulation in a somewhat less efiBdent manner over time. 
It is possible to combine both or all three features togedier. More specifically, it is possible to 
produce containers which contain (1) smaller concentrations of nicotine; (2) smaller amounts of 
nicotine; or (3) have porous membranes which have different size or amounts of pores so as to less 
efSciently aerosohze the formulation present m the container. 

A method for aiding in smoking cessation and for treating conditions responsive to nicotine 
therapy by the administration of nicotine is disclosed. A formulation conq)rised ofnicotine is 
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aerosolized. The aerosol is inhaled into the faings of tiiepatiesit. Once inhaled, particles of nicotine 
dq>osit on lung tissue and fiom there enter Ae patient's drculatoiy system. Because delivery is to 
the lungs, the patient's senun nicotine level is quickly raised to a desired level-as quickly as if the 
user were smoking. The methods ofthe invention produce aiterial concentrations of nicctinesinail^ 
5 to cigarette smoking. 

Subsequently, the patient's dependence on nicotine is reduced by graduaOy redudog the 
dose of nicotine. The cbse of nicotine is reduced by progressively increasii^ the size distribution 
the aen)solizedmcotine particles delivered to the patient This decreases the amcmnt of nicotme 
deiivered to Ae patient's lungs, with the resuh that nicotine absorption i^ 
10 blood plasma level is lower. 

A method of treatmoit is disclosed, conxpnsmg: 

(a) aerosolizing a Emulation CQn:Q)rised of nicotme creating aerosol^^ 
are suffidently small as to enter the alveolar ducts; 

(b) allowing a patient to inhale the aerosolized particles of (a) diereby causing nicotme to 
IS enter the patient's blood at air/blood difbsionmenibranes; 

(c) rq)eating (a) and (b) a plurality of times; 

(d) aerosolizing a fbnnulationcon^nsed of nicotine creadqg aerosolized]^^ 
are too large to enter alveolar ducts but suffidendy smaU to enter primary and secondary 

bronchioles; 

20 (e) aUowing the patient to inhale the aerosolized partides of (d) into primary and secondary 

bronchioles; and 

(f) rq)eating (d) and (e) a plurality of times. 
The method is preferably further comprised of: 

(g) aerosolizing a formulation conq)rised of nicotine creating aerosolized particles which 
25 are too large to enter primary and secondary bronchioles but suffidently small to enter the small 

bronchi; 

(h) allowing the patient to inhale the aerosolized particles of (g) into small bronchi; and 

(i) rq)eating(g)and(h)apluraUtyoftimes. 

An aspect of the invention is a method of treatment hereby nicotine or a nicotine substitute 
30 is aerosoUzed, mhaled into areas of the respiratory tract including the lungs and provided to the 
cuxulatory system of the patient at levels sufficient to simulate cigarette smoking. 

An advantage of the invention is that die nicotine levels are raised afanost immediately on 
administration. 
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Another advantage of the inventioa is that the patient can gradually be weaned off of the 
immediate effect of nicotine obtained via smoking and gradually weaned off of the need of nicotine 
by, respectively, increasiqg particle size and decreasing dose size or concentration. 

A feature of the inraiticQ is that aerosolized partides of nicotme hav^ 
5 0 .5 to 8 microns (^) axe created and inhaled deeply into the lui^, thereby enhancing the speed and 
efiEciency of administration. 

It is an object of this invention to describe the utility of deUvering incotine by inha^ 
means of treating conditions responsive to nicotuoe therq)y, and particulariy for smokiqg cessation 
theFEq)y. 

10 h is another object of this invention to describe the utility of varying the distribution of 

aerosolized particles of nicotine inhaled as a means of treating smokers wishing to quit. 

It is another object of this invention to describe liquid formulations (which includes 
suspensions) of nicotine and derivatives thereof appropriate for pulmonary delivery. 

It is another object of this invention to describe how nicotine delivered via the lung can 
15 quickly increase blood plasma levels. 

An aspect of the invention is a method \^ereby larger and larger particles of aerosolized 
nicotine are administered to a patient over time in order to first wean a smoking patient off of the 
addiction to immediate nicotine and thereafter reduce the amount of nicotine in order to wean the 
patient completely off of the addiction to nicotine, thereby allowing the patient to quit smoking. 
20 A feature of this invention is that it allows for the formation of nicotine particles in different 

sizes designed for delivery to different areas of a patient's lungs. 

An advantage of the invention is that it allows the patient to be weaned off of (1 ) the need 
for immediate nicotine delivery as obtained when smoking, and (2) the need for nicotine at all. 
These and other aspects, objects, advantages, and features of the invention will become 
25 apparent to those skilled in the art upon reading this disclosure. 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view of a human lung branching patton. 
FIG. 2 is a schematic view of a human respiratory tract. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Before the devices, formulations, and methodology of the present invention are described, it 
is to be understood that this invention is not limited to the particular device, components, 
formulations and methodology described, as such may, of course, vary. It is also to be understood 
35 that the temiinology used herein is with the purpose of describing particular embodnnents only, and 

-5- 
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is not mtCTried to limit the scope of the pieseot inventian which will be limited only by the appended 
claims. 

It must be noted that as used herein and in the qspended claims, the gmgiilar fbnns "a,** 
"and,** and 'Ue" include phual Teferoxts unless the context clearly dictates otherwise. Thus, for 
exanq)le, reference to ''a formulation'* includes mixtures of difl f eroit formulations and reference to 
"tiie method of treatment" inchides reference to equivalent steps and metfiods knm»n tn thnM glrillftH 
in the art, and so forth. 

Unless defined otherwiseiy all technical and scientific terms used herein have the same 
neaping as oomnKmW understood bv one of oniiiiarysign in the 
AMxougb any methods aiul niatenals sinnlar or etjo^ 

the practice or testing of the invention, the preferred methods and materials are now described. All 
publications mentianed herem are incorporated herein by refer ence to describe and disclose specific 
information for wfaididie reference was cited in cn n neetjryn ^nth. 



DEFINITIONS 

Hie term "iiicotnie" is jntmded to mean the naturally occurring alkaloid known as nicotine, 
havmg the chemical name 5-3-(lHtnetli>d-2-pyrrolidinyl)pyndii)e, which may be isolated and 
purified from nature or syndieticaUy produced in any inamier. Thistermis also intended to 
enconqiass the commanly occuixirig salts containing phaxmacologically acceptable anions, such as 
Iq^drochloride, h ydr obiomide, hydnriodide, nitrate, sul&e or bisulfete, phosphate or add phosphate, 
acetate, lactate, citrate or add citrate, tartrate or bitaitrate, succinate, maleate, fumarate, gluconate, 
sacrharate, beozoate, methanesulfhnate, etfaanesulfimate, benzenesulfimate, ^Holuene qiiftmgt^^ 
canqxhorate and pamoate salts . Nicotine is a colorless to pale ydlow, strongly alkalme, oily, 
volatile, hygroscopic liquid having a molecular weight of 1 62.23 and the formula: 




N 
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Structure and ionisaticm of nicotme. Nicotine is approximately 10% of the particulate wdgfat in 
cigarette smoke. Brand differences change this percentage. It is mmoprotonated at most 
physiological pH values, lliediprotonated ion \vodd exist at pHvahiesfimd in the stomach. 
Metabolism is largely due to oxidation. Cotinine is a major metabolite; however, there are at least 4 
5 primary metabolites of nicotine and all are enconq>assed by the use of this term herein. 

The tBtm "nicotine" fiuther inchides any pharmacologically accqrtable derivative, 
metabolite or analog of nicotine which exhibits phaimacotherapeutic properties similar to nicotine . 
Such derivatives and metabolites are known in the art, and include cctinine, norcotinine, nomicotine, 
nicotine N-oxide, cotinine N-oxide, 3-hydnx^cotinine and S-hydroxycotiniitt or pharmaceuticaUy 

10 acceptable salts thereof A iiumber of usefU derivatives of iiicotine are disclosed widun the 
Physician's Desk Reference (most recent edition) as well as Harrison's Priiicq)les of Internal 
Medicine. In addition, s^licants refer to U.S. Patent Nos. 5,776,957; 4,965,074; 5,278,176; 
5,276,043; 5,227,391; 5,214,060; .5,242,934; 5,223,497; 5,278,045; 5,232,933; 5,138,062; 
4,966,916; 4,442,292; 4,321,387; 5,069,094; 5,721,257; all of which are incorporated herein by 

15 reference to disclose and describe nicotine derivatives and formulations. 

The physiologicaUy active form ofiiicotine is the .S-(-)-isQmer. Certain conq)ounds of the 
present invraition may exist in particular geometric or stereoisomeric forms. The present invention 
contemplates all such CQnq>ounds, including cis and trans isomers, R and S enantiomers, 
diastereomers, the racemic mixtures thereof, and other mixtures thereof as Ming within the scope 

20 of the invoitioD. Additional asymmetric carbon atoms may be present in a substituent such as an 
alkyl group . AU such isomers, as well as mixtures thereof, are intended to be included in this 
invention. 

The term "upper airways" and the like arc used interchangeably herein to define an area of 
the respiratory system which includes the oropharyngeal regioxi and trachea. This area is the first 
25 area which air enters upon inhalation (see FIG. 1). 

The terms "caitral airways," "bronchial airways" and the like are used interchangeably 
herein to refer to a region ofthe respiratory system that includes generations 1 through 16ofthe 
airways (see FIG. 1) i^ch removes particles larger than 3 ^ in diameter. They are the conductive 
airways that also dean particles fifom the hmg using a mucosal clearance mechaiiism. Upon 
30 inhalation, air passes through the upper airways into the central airways. 

The teims "pulmonary region," "peripheral region" and the like are used interchangeably 
herein to define a region ofthe respiratory system where gas exchange occurs between the lungs and 
the circulatory system, te,, where oxygen enters the blood and carbon dioxide leaves the blood. 
The peripheral r^on includes generations 17 through 23 of the airways (see FIG. .1). Drugs 
35 dehvered to this area generally have a systemic effect. 
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The tenns "alveolar ducts," "alveoli" and the like refer to componeiits in the pulmonary 
r^on of the hing ^4iich are appruxiiiiatdy 3 p in diameter where gas exdiange occurs between the 
air in the hiqgs and the circulatory system. 

The term "diameter" is used herem to refer to partide size as given in the "aerodynamic" 
size of the particle. The aerodynamic diameter is a measurement of a partide of unit densiQr that 
has the same terminal sedimentation vdocity in air under normal atmospheric conditions as tiie 
partide in question. TlusispointedoutintfaatitisdifiBculttoaccuratdyrneasurediediaixieterof 
smaO partides usmg current technology and the shs^ of sudi gmall particles may be continually 
dianging. Tims, the diameter ofoiK partide ofmaterialofa given density wiD be said to ha 
same diaineter as another partide of the saine material if the two partides have the s a*p^ tenniiial 
sedimentation vdocity in air under the same conditions. In connection with the present invention, it 
is iiiq}artantthat partides, on average, have the desired diameter so that ^ partides can be inhaled 
and targeted to a specific area of the hmgs. It is also important not to have partides which are too 
small in that such partides would be inhaled into the hmgs and then exhaled without dq)Ositing on 
the lung tissue in the same marmer that particles of smoke can be inhaled and exhaled with only a 
small amount of the particles being deposited on the lung tissue. An acceptable range for partide 
diameter varies depending on the area ofthe respiratory tract being targeted. To target the alveolar 
ducts and alveoli the particles ^ould have a diameter in a range of about 0.5 \i to about 2 \i. To 
target the area above the alveolar ducts and below the small bronchi the diameter should be in the 
range of firom about 2 ^ to about 4 \i, and to target the small bronchi and above the partides should 
have a diameter of from about 4 ^ to about 8 fi. 

The term "porous membrane" shall be interpreted to mean a membrane of material in the 
shape of a sheet having any given outer perimeter shape, but preferably covering a package opening 
which is in the form of an elongated rectangle, wherein the sheet has a plurality of openings therein, 
which openings may be placed in a regular or irregular pattern, and which openings have a diameter 
inthe range of 0.25 ^ to 4 n and apore density in the range of 1 x W to about 1 x 10^ pores per 
square centimeter. Ahematively, the porous membrane may be merely an area ofthe package which 
haspores therein \^iierein the pores have a size and a density as described above. The configuration 
and arrangement of tte pore density may be changed so as to provide pores which are capabk of 
creatir^ the desired amount of aerosol. For example, the porous membrane or area ofthe container 
may have some 10 to 10,000 pores therein ^ch pores are positioned in an area of firom about 1 
mm^ to about 1 cml The membrane is preferably comprised of a material having a density in the 
range of 0.25 to 3.0 mg/cm^ more preferably 1 .7 mg/cm^ and a thickness of about 2 to 20 ^ more 
preferably about 8 ^ to 12 \i. The membrane material is preferably hydrophobic and indudes 
materials such as polycarbonates and polyesters which may have the pores formed therein by any 
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suitable method including anisotropic etching or by etching tfarou^ a thin film of metal or other 
suitable material. Pores can be created in the membiane which may be an area of the container by 
use of techniques such as etching, plating or laser drillii^. The membrane maitm^}^ loay have pores 
with a conical configuralicm and have sufficient stnicbiral integrrty sn tfiat it k tnaintainftrf int^r* 
5 (wiU not nqiture) when subjected to force in the annount of about 20 1^ 

is forced tiirough the pores. The manbranefonctions to form an aerosolized inist when the 
formulation is forced through it Those skiOed in the art niayconteQ^ilate other inateriab which 
achieve this fimctiop as such materials arc intended to be enconyassed by this inveaaion. 

Thetemis'teatmenty" 'ixeating," and Ae like are used interchangeably heiein to generally 
10 mean obtaimng a desired phaimaoolpgical and/or physiological efifect llietBnnsaieusedina 
manner somewhat difiEerently than the tenns are typicaUy used in that 
method of treatment of the invention is to aUow a patient to overcome an addiction to m 
thereby allow the patient to quit smokirig. The treating efifectoftheinventicm provides a 
psychological effect in that ^ invention originally delivers high doses of nicotine in a manner that 
IS simulates the nicotine delivery obtained fimm a cigarette. Tlie patient thai becomes accustomed to 
rdyiog on the methodology oftfae invention to provide an imnsediale"niA Thereafter, 
the particles of die aerosol are made larger. This prevents the partides fitxn penetrating deq)ly into 
the hmg and, therefore, to some extent, diminishes the *'nish** of nicotine. However, the same 
amount of nicotine is still given to the patient in order to satisfy the overall nicotine craving. 
20 Eventually, the treatment of the invention reduces the amount of nicotine so as to allow the patient 
to completely "wean" off of nicotine and to quit smoking. 

All pubhcations mentioned herein are incorporated herein by reference to described and 
disclose specific information for which the reference was cited in connection with. The publications 
discussed herein are provided solely for their stated disclosure prior to the filing date of the present 
25 application. Nothing herein is to be construed as an admission that the invention is not entitled to 
antedate such publications by virtue of prior invention. Further, the actual publication date may be 
different from that stated on the publication and as such may require independent verification of the 
actual publication dates. 



30 GENERAL METHODOLOGY 

The steady state delivery of nicotine as ther^y for smokers wishing to quit is characterized 
by slow absorpticm and low blood levels of nicotine, which limits its utility. The present invention 
replaces the nicotine that a smoker receives from smokjng a cigarette in a tfaer^eutically efiecdve 
manner by providing a r^id pulse of bioavailable nicotine to the smoker on demand. 
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One means currently available for a true pulsatile, rapid onset replacement therapy is 
mtravenous administration. Although preparations of nicotine appropriate for intrav^ous 
administration have been available for some time, intravenous cannulation as a means for gaming 
access to the circulation for the administration of nicotine on demand is not a socially acceptable 
ahemative to cigarette smoking. 

The treatment methodology of the present invention creates an aerosol of nicotine particles. 
The nicotine particles may be formed from any liquid containing nicotine inghiHing a solution or 
suspension of nicotine and aerosolized in any known manner including (1) movipg the fonnulaticm 
throu^ a porous monbrane in order to create particles or (2) a dry powder where the parti 
powder have been designed to have a desired diameter. Hie rate of particle absorption is direcdy 
proportional to the surface area of the tissue on which the particles are dqxisited. Accordingly, 
nicotine is absorbed more slowly througli the mucosal monbranes of the upper respiratory tract 
which have a smaller surface area than through the airways in the lower respiratory tract which have 
a larger surface area. Thus, the overall effect of increasiiig the size of the nicotine particles is to 
reduce the rate at which nicotine is absorbed into the circulation, thereby reducing the smoker's 
physiological dependence on the quick rush of nicotine experienced viheti smoking. 

METHOD OF TREATMENT 

Hie penetration of aerosolized nicotine particles into the respiratory tract is determined 
largely by the size distribution of the particles formed. Larger particles, /. e., particles with a 
diameter ^ 5 ^, deposit on the upper airways of the lungs (see FIG. 1). Particles having a diameter in 
a range of about >2 to <5 penetrate to the central airways. Smaller particles having a diameter 
^2 fi penetrate to the peripheral region of the hmgs. 

An important feature of the invention is that the treatment methodology begins with 
particles of a given size, carries out treatment for a given period of time after which the particles are 
increased in size. The particles initially administered to the patient penetrate deqjly into the lung, 
i.e., the smallest particles (e.g. 0.5 to 2 /i) target the alveolar ducts and the alveoli. When the 
deepest part of the lung is targeted with the smallest particles the patient receives an immediate 
"rush" from the nicotine delivered which closely matches that received when smoking a cigarette. 
These small particles can be obtained by milling powder into the desired size and inhaling the 
powder or by creating a solution or suspension and moving the solution or suspension through the 
pores of a membrane. In either case, the desired result is to obtain particles which have a diameter 
in the range of 0.5 to about 2 ^. Those skilled in the art will understand that some of the particles 
will fall above and below the desired range. Howe\'er, if the majority of the particles (50% or more) 
fall within the desired range then the desired area of the lung will be correctiy targeted. 

-10- 
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llie padent is allowed to continually, from time to time, taiget the outennost area of the 
lung with the smallest paitides. For example, the patient would be instructed to repeatedly 
administer the smaUest size paiticles when the patient would noimaUy smoke a dgar^ hthis 
manner, the patient wiU become accustomed to finding that the device admini 
patient in the same manner that a cigarette does. In one embodiment of the invention the 
concentration of the nicotine in Ae liquid formulation could be reduced gradually over time. This 
could be dcme over a sufiSciently long period of time so as to allow the patient to "wean" aS of 
nicotine. However^ in a more preferred embodiment of the invention the ammmt nf nicAtine iq kejst 
substantially constant but the size of the aerosolized particles created are increased. 

Hie second phase of the treatment methodology is to increase the size of the particles so as 
to target the respiratory tract above the ahwlar ducts and below the small bronchi. Huscan 
generally be accoiiq)lished by creating aerosolized particles of nicotine which have a size and range 
ofabout2 ^toabout4 ^. Administration is carried out in the same manner as described above. 
Specifically, the patient administers the aerosolized nicotine at die same time when the patient 
would be smoking a c^arette. Since the patient has become adjusted to receiving the nicotine 
"rash" from the smaller sized particles, the patient will expect and is therefore likely to experience 
the same "rush" when administering the slightly larger particles. However, the effect will be less 
immediate. This procedure is carried out over a period of time, e.g., days or weeks. In one 
embodiment of the invention it is possible to reduce the dose of aerosolized nicotine delivered to the 
patient during this second phase. However, the dose may remain constant. 

The treatment can be completed after any phase, e.g. after the second phase. However, in 
accordance with a more preferred embodiment of the invention a third phase of treatment is carried 
out. Within the third phase the particle size of the aerosolized nicotine is increased again. The 
particles are increased to a size in a range from about 4 ^ to about 8 \i or, alternatively, perhaps as 
large as 12 ^i. These larger particles will target the upper airways. The larger particles will give a 
very small immediate "rush" but will still be absorbed through the mucous membranes of the 
patient's respiratory tract. Accordingly, the patient will be administering nicotine doses which may 
be the same as those doses administered at the beginning of treatment. At this point the treatment 
can take a number of different directions. The patient can attempt to stop administration by 
immediate and con^lete cessation of nicotine delivery. Alternatively, the patient can try to wean off 
of nicotine by delivering fewer doses during a given time period. In another alternative, the same 
size dose (volume of aerosol formulation) is administered and delivered, creating the same amount 
of aerosol, but wherein the aerosolized particles contain progressively less nicotine (i.e., more dilute 
concentration). The amount ofnicotine can be decreased until the patient is receiving little or no 
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nicotine. Those skilled in the art reading this disclosure will recognize variations on the overall 
method and methods for stopping treatment. 

There are a number of aspects of the invention vMch will result in the ability of the smoker 
to use the invention and, eventually, quit smoking. Firstly, the mvention is particularly suited for 
5 smokers in that smokers are accustcxned to inhaling their source of nicotine. Other treatments such 
as those involving the transdermal delivery of nicotine via a nicotine ''patch" or buckle delivery via a 
nicotine "gum" do not match the means ^^ch a smc^er usually obtains nicotine. 

Further, the present invention provides a method wherein the patient obtains an influx of 
nioGtine into the drculatory system at a rate which substantially matc^ 
10 would enter die drcolatoiy system when smoking. This is obtained because, at least at first, the 
invention provides sufficiently smaH particles such that th^ are inhaled deeply into the lung, i.e. 
50% or more of the particles are inhaled deq)ly into the luiig and diereby qmckly oi^ 
diculatory system. 

Thirdly, the presoit invoition is advantageous in that die rate at vA^dh the delivered nicotine 
1 5 enters the circulatoiy system can be gradually decreased by gradually increasing the size of the 
aerosolized particles delivered to the patient This can be done over any desired period of time and 
in ai^ desired immber of phases. 

Lasdy, the invention provides a means whereby the amount of nicotine delivered to the 
patient can be graduaUy decreased in a number of different ways. Firstly, it can be decreased by 
20 decreasing die concentration ofiiicotine in the aerosolized formulation. Secondly, it can be 

decreased by merely decreasing the number of administrations of aerosolized doses. Thirdly, it can 
be decreased by decreasing the size of die dose aerosolized and inhaled by the patient. 

One aspect of the invention is a method of treatment, comprising: 

(a) aerosolizing a formulation comprised of nicotine creating aerosolized particles 
25 which are suffidendy small to target a particular lower area of the respiratory tract such as the 

alveoli^ The particles targeting this area will have a relatively small size, e.g. 0.5 micrcn to about 2 
imcrons in diameter. 

(b) in the next step the patient inhales the aerosolized particles of (a) into the respiratory 
tract, preferably targeted to a specific area of the lower respiratory tract where the deposited 

30 particles cross into the patient's circulatory system. 

hi step (c), steps (a) and (b) are repeated a plurality of times. Specifically, the patient may 
repeat these steps any nimiber of times such as every time the patient would normally smoke a 
cigarette. At this point the patient could continue the treatment protocol in this manner and 
gradually decrease the number of times the patient administers aerosolized nicotine until the patient 

35 is no longer addicted to nicotine. Decreasing the amount of aerosolized nicotine could also be done 

-12- 
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by decreasing the concentration of nicotine wi&in the aerosolized particles decreasing the 
concentration of nicotine in the fonnulation and/or decreasing the size of the aerosolized dose. 

Preferably the metfiod of the invention continues with a step (d) wfaidi involves aerosolizing 
fonnulation comprised of nicotine in order to create aerosolized particles which are larger in size 
thantiie aerosolized particles produced in stq) (a). TTiese laiger particles are directed towards a 
particular area of the patient's respiratory tract, e.g. the mid-region of the patient's respiratory tract. 
(See Figures 1 and 2) These particles could have a size in the range of about 2 rnicrons to about 4 
microns. 

In the following step (d) the patient inhales the aerosolized particles of (d) tiiereby taigeting 
the particular desired area ofthepatienfsteq)iratorytraa such as the odd iegi(HL Hereafter, steps 
(d) and (e) are repeated a phirality of times. At tiiis point the patient can decrease the amount of 
nicotine being delivered as indi c ated in the same manner as indicated above step (c). Attematively, 
the method of the invention can be continued so that a tiiini phase of treatnient can be car^ 
which phase is similar to the two phases described above. In accordance with the above inventicm it 
is possible to carry out the treatment in any number of phases. For example, tiie treatment could 
involve as many as 24 phases which target specific defined r^ons of a patients respiratory tract 
using particles which are continually larger in size in each of the 24 phases (see Figure 1 andTable 1 
bdow). Because it may not be practical to specificaUy design die particles so that they are aUla^ 
in each of the phases the formulatioris may be designed so that a certain percentage of the pa^ 
within eadi phase of deUvery is larger than the particles in the precedii^ phase . 

The method ofthe invention can be carried out using 1 to 24 different phases with each 
phase targedng a higher level of the respiratory tract (See Table 1). The higher levels ofthe 
respiratory tract can be targeted using laiger and larger particles. 
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Table 1: 

Subdivision of the Respiratory Tree 
Goieraticn Name 
0 Trachea 
5 1 Primaiy bronchi 

2 Lobar bronchi 

3 Segmental bronchi 

4 subsegmental bronchi 

5 Small bronchi 
10 1 

10 

1 1 Bronchioles, primary.and secondary 
I 

13 

15 14 Teiroinal bronchioles 

J 

15 

16 Respiratory bronchioles 



I 

20 18 



25 



19 Alveolar ducts 
I 

23 

24 Alveoli 



NICOTINE DELIVERY DEVICES 
Precision deliveiy of small molecule drugs via the hmg for systemic effect is possible. An 
electronic inhaler capable of delivenng a liquid formulated drug stored in a unit dose packages has 
been described and disclosed in U.S. Patent No. 5,718,222 entitled "Disposable Package for Use in 

30 Aerosolized Delivery of Drugs," and is incorporated herein by reference. A formulation of nicotine 
can be prepared for delivery with this system. Quantitative delivery of nicotine on demand provides 
a mechanism for nicotine replacement therapy \^ch is unlikely to be associated ^th recidivism 
precipitated by the symptoms of physical withdrawal. 

In the present invention, a rdcotine formulation is forced through the openings or pores of a 

35 porous membrane to create an aerosol. In the preferred onbodiment, the openings are all imiform in 
size and are positioned at uniform distances from each other. However, the openings can be varied 
in size and randomly placed on the membrane. If the size of the openings is varied, the size of the • 
particles formed will also vary. In general, it is preferable to maintain uniform opening sizes in 
order to create uniform particle sizes, and it is particularly preferable to have the opening sizes 

40 within the range of about 0.25 fi to about 6 \i which will create particle sizes of about 0.5 to 12 ^ 
which are preferred with respect to inhalation applications. When the openings have a pore size in 
the range of 0.25 |i to 1 ^ they will produce an aerosol having particle sizes in the range of 0.5 fi to 2 
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^ which is particularly useful for delivering nicodiie to the alveolar ducts and alveoli. Pore sizes 
having a diameter of about 1 p. to 2 ^ will produce particles having a diameter of about 2 fx to 4 \l, 
which are particularly useful for delivering nicotine to the area above the alveolar ducts and below 
the small brcmchi. A pore size of 2 ^ to 4 ^ will create particles having a diameter of of 4 ^ to 8 ^, 
5 which will target the area of the respiratory tract from the small bronchi upward. 

Increasing the size of the opoiings of the porous monbranes produces nicotine particles of 
increasing size. A strategy in which the blood levdofnicotine is reduced gradoaUywiU be the most 
efiBxtive in treating the symptoms of withdrawal, and tfaoeby increase the dianoes 
smddng cessation. In one embodiment ofdie invention, the size of the aen)SQlizedmcotin^ 

10 particles is increased in a stq)wisen»mier by using porous membranes that cre^ 

aerosols, ^iierein all Hit particles withm the aerosol created have essentially the same particle size . 
Nicotine particles of increasing size are produced by usmg membranes aS increasing pore sizes. 

In another embodiment, the size of the aerosoUzed nicotine particles is increased in gradient 
fashion by using porous membranes that create '*multi-disperse'* aerosols, wherein the particles 

15 within the aerosol created have dififerent particle sizes. Membranes ^ch have an increasing range 
of pore sizes are used to produce nicotine particles of increasing size. 

Nicotine can be administered orally. However, after oral administration it is absoibed firom 
the gut into the portal blood and degraded promptly by the liver. Huis, insignificant amounts reach 
the patient's systemic circulation. Nicotine can also be administered parenterally. However, whoi 

20 so administered it is rapidly absorbed and metabolized making it difficuh to sustain therapeutic 
levels in plasma over time. In view of such, effective ther^y has been carried out using odier 
means of deUvery (e.g., transdemial patches, gum). The present invention uses intr^ulmonary 
dehvery to avoid first pass Uver metabolism and to obtain quick infusion into the patioit's systemic 
circulatory system. The present invention administers sufficient nicotine by inhalation to 

25 temporarily produce a r^id increase in the patient's blood level, and thereafter allow the patient's 
nicotine level to return to a ther^>eutically effective level. 

Because intrapulmonary administration is not 100% efficient, the amount of drug 
aerosolized will be greater than the amount that actually reaches the patient's circulation. For 
exan^le, if the inhalation system used is only 50% efficient then the patient will aerosolize a dose 

30 which is twice that needed to raise the patient's nicotine level to the extent needed to obtain the 
desired results. More specifically, when attempting to administer 1 mg of nicotine with a deliver>' 
system known to be 50% efficient, the patient will aerosolize an amount of formulation containing 
about 2 mg of nicotine. 

A device comprised of a container that includes an opening covered by a porous membrane, 
35 such as the device disclosed in U.S. Patait No. 5,906,202; may be used to deliver nicotine. The 
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device may be designed to have the shape and/or bear the markings of a pack of cigarettes, and may 
include the scent of tobacco. These featui^ and others that address the behavioral oonqmeot of 
cigarette smoking may enhance the efiectiveness of die mediod described herein . 

DOSING 

Cigarettes contain 6 to 1 1 mg of nicotine, of which the smoker typically absorbs 1-3 mg; see 
Henningfield NEngl J Med 333:1 196-1203 (1995). Factors influoicing nicotine absorption include 
subject-dq)endent factors, such as smoking behavior, lung clearance rate, e/c, morphological 
Actors, and physiological fiidors, such as tidal volume, inspiratory and e]q)iratoiy flow rate, particle 
size and density. See Darby e/ a/., CAnPtormacoib/ie/ 9:435-439 (1984). The systemic dose of 
nicotine per puff is extremely variable, however, peak plasma coDcentratians of 25-40 qgAxiL of 
nicotine, achieved within 5*7 minutes by cigarette gm pV ing^ are believed epical. In accordance with 
the present invendcm, 0.1 rngto 10 mg, preferably 1 to 3 mg, and more preferably about 2 mg of 
nicotine are delivered to the lui^ of the patient in a sii^e dose to achieve peak blood plasma 
concentraticxis of 15-40 ng/mL. 

The amount of a nicotine administered will vary based on factors smch as the age^ weight 
and frequency ofsmoking or nicotine tolerance of the smoker.. Other factors, such as daily stress 
patterns, demographic factors may also determine, in part, die amount of nicotiiie su£Elcient to 
satisfy the smoker's craving for nicotine. Administeiii^ nicotine ngtng the methods of the present 
invention can involve the daily administration of anywhere from 5 i^g to 200 mg of nicotine, but 
more preferably involves the administration of approximately 10 to 100 n^g per day. 

It is noted that nicotine can be administered in toxic amounts. Care should be taken not to 
overdose the patient. The amount of nicotine which an individual can tolerate will vary on a number 
of factors including size, sex, weight and amount of cigarette smoking the patient is accustomed to. 
In order to avoid overdosing it is possible to program a lock-out system into the delivery device 
which prevents administration of aerosolized doses beyond a given point. Such a system is 
described within U.S. Patoit 5,735,263 issued April 7, 1998 and incorporated herein by reference in 
its entirety to disclose drug delivery devices and lock-out systems used in cormection therewith. 

The nicotine is in a liquid form or is dissolved or dispersed within a pharmaceutically 
acceptable, liquid excipient material to provide a liquid, flowable formulation which can be readily 
aerosolized. The container will include the formulation having nicotine therein in an amoimt of 
about 10 mL to 300 mL, more preferably about 200 mL. The large variation in the amounts which 
might be deUvered is due to different delivery efficiencies for different devices. Administration may 
involve several inhalations by the patient, with each inhalation providing nicotine from the device. 
For example, the device can be programmed so as to release the contents of a sirigle container or to 
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move ftum one contamer to the next on a package of interconnected containers. Delivering smaUer 
amounts from several containers can have advantages. Since only small amounts are dehvered from 
each contamer and with each inhalation, even a complete &iluie to deliver nicotine with a given 
inhalation is not of great significance and will not seriously disturb the reprodudbility of the dosing 
event. Further, since relatively small amounts are dehvered with each inhalation, the patient can 
safely administer a few additional micrograms (or miUigrams) of nicotine without fear of 
overdosing. 

In one embodiment of the invention the patient is treated in the three difierent phases, hi the 
first phase the aerosolized liquid particles or diy powder particles have a size and a range of 0.5 fi to 
about 2 \i. The particles of nicodne having this size are admimstered in a dosage amount which is 
substantially equivalent to die doses or amount which tiie patient would received from a single 
dgaiette or, ahematively, the dosage amount which the patient would received from a single puff on 
a single cigarette. Assuming that the patient receives the dosage amount of a single cigarette then 
the patient will be administered approximately l.to 3 i^g of nicotine each time the formulation is 
aerosolized, llieparticks havii^ a size of ^ to about 2 ^wiU be administered to the patient over 
a phmdity of days (e,g., 2 to 7 days) or peifa^s a phuality of weeks (e.g., 2 to 4 weeks). If the 
device and/or dosage containers are designed to deliver a dosage equivalent to a pu£f on a cigarette 
then substantially smaller doses are delivered. If each dose corresponds to a puff on a cigarette then 
a patient may be directed to cantnnially take aerosolized doses equivalent to a cigarette puff over a 
period of one to ten nunutes or any period of time equivalem to what that ^ 
smoke one cigarette. This constitutes the first phase of treatment. 

After completing the first phase of the treatment the method of the invention m aybe 




wo 01/05459 PCT/USOO/19034 

CQiiq)leted pursuant to die present inveoticm by using only the two phases. However, it is preferable 
to include three or more phases. 

In accordance with the third phase, the same dose is administered each time nicotine 
formulation is aerosohzed. Accordingly, 1 to 3 mgofniootine is delivered to the patioit at each 
5 dose. However, fte dose is ddivered by usii^amisolizedpartidesvtduch have a diamet^ 

more, e.^., in the range of from 4 fi to about 8 ^. These laiger particles are designed to target the 
area oftherespiratoiy tract at the small bronchi or higlier. When the mcotine targets the tq>per 
airways it will not immediatriy entCT the patient's circulatory system. However, tiie nicotine will, 
evoitually, cross the mucous monbranes of the upper respiratory tract and enter the circulatory 

10 system. Thus the patient wiU be administered nicotine but wiD become less accustomed to having 
the immediate "rush** obtained fiom smoking. Tluis, within the third phase the patient has been 
weaned away from the need for the "rush** of nicotine. Hie third phase is dien used to continually 
reduce the number of administrations needed and thereby reduce Ae amount of nicotine 
adndnistered. By this process the patient's dependency on nicotine is slowly reduced and then 

15 eliminated thereby allowing the patient to quit smddng. 

When nicotine enters die drculatory system of a human patient h is oxidized to cotinine 
within four to six hours. The present invention indudes the administration of cotinine and other 
nicotine derivatives provided sudi derivatives do not result in unacceptable adverse effects . 

20 INDICATIONS 

The method of the invoition has appUcability to smokers wishing to quit or tiying to quit 
who have eTq^erienced all or any of the nicotine withdrawal symptoms associated with smoking 
cessation, such as craving for nicotine, irritability, mood ability, fhistration or anger, anxiety, 
drowsiness, sleep distuibances, inq^aired concentration, nervousness, restlessness, decreased heart 

25 rate, increased appetite and weight gain. 

While particularly applicable to smoking cessation, pulmonary administration of nicotine 
could be of value for the treatment of odier diseases, such as for patients su£fering from 
neurodegenerative diseases, psychiatric disorders and other central nervous system disorders 
responsive to nicotinic receptor modulation (see U.S. Patent Nos. 5,187,169; 5,227,391; 5,272,155; 

30 5,276,043; 5,278,176; 5,691,365; 5,885,998; 5,889,029; 5,914,328). Such diseases indude, but are 
not limited to, senile dementia of the Alzheimer's type, Parkinson's disease, schizophrenia, 
obsessive-compulsive bdiavior, Tourette's Syndrome, depression, attention deficit disorder, 
myasthenia gravis and drug addiction. 
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FORMULATIONS 

Phannaceuticd grade nicotine can be produced as a colorless The 
pure liquid could be aerosolized and inhaled by itself. Alternatively, a fonnulaticn may include a 
bufEer to enhance absorption. Any absorption enhancers including ammonia could be used with the 
5 formulation. However, a typical formulation is only nicotine dissolved in water or dry powder 
nicotine. Methods of formulating hquids and hquid inhalers are disclosed in U.S. Patent Nos. 
5,364,838; 5,709,202; 5,497,763; 5,544,646; 5,718,222; 5,660,166; 5,823,178; and 5,910,301; all of 
^diich are incorporated by reference to describe and disclose such. FormulaticHis of nicotine include 
aquecms formulations, aqueous saline formulations, and ethanol formulations. All of these 

10 finmiilatiQns may be in c l u ded with additional conqxments such as peimeation enhancers, buffers, 
preservatives and exdpisat and carrier companents and additives normally included within 
fonmulations for aerosolized drug delivery. 

Nicotine is freely soluble m water. An aqueous nicotine sohition may be readily aerosolized 
and inhaled. The nicotine solution can be placed in a low boiling point propellant in a pressurized 

IS omister and rdeased using a oonventiooal metered dose inhaler (M^ Preferably, the MDI 

device is modified so that the aerosolized dose is released each time at the same inspiratory flow rate 
and inspiratory vohime. When this is done the patient is more likely to receive the same dose each 
time. A device for obtaining repeatii^dosiiig with an MDI caiiister is taught in U.S. ^ 
5,404,871. 

20 In accordance with tiie present invaition it is preferable to load the nicotine soluticm into a 

container which opens to a porous membrane. When the formulation is forced through tiie 
membrane it is aerosolized. Such a container is taught in U.S. Patent No. 5,497,763 and is loaded 
into a device and debvered via a method as taught in U.S. Patent No. 5,823,178. Both patents are 
incorporated herein by reference to describe and disclose containers, devices and methods of drug 

25 delivery by inhalation. 

A dry powder fbrmulation comprising a pharmacologically acceptable salt of nicotine alone 
or with additives such as components to prevent the particles from sticking together may be used. 

SUPPLEMENTAL TREATMENT METHODOLOGY 
30 Smokers wishing to quit may be treated solely with respiratory nicotine as indicated above, 

i.e. by intrapubnonary dehvery. However, it is possible to treat such patients with a combination of 
pulmonary administration and other means of administration, such as transdermal administration. 
Transdermal nicotine is preferably administered to maintain a steady state level of nicotine within 
the circulatory systoiL Nasal or buccal formulation could be used for nasal or buccal delivery which 
35 could supplement aerosolized dehvery. 

-19. 



wo 01/05459 PCT/USOO/19034 

Based on the above, it will be understood by those skilled in the ait that a plurality of 
different treatments and means of administration can be used to treat a single patient For exanq3le, 
a patient can be simultaneously treated with nicotine by transdennal administration, nicotine via 
putmonaiy administration, in accordance with the present invention, and nicotine which is 
administered to the mucosa. 

The mstant invention is shown and described herein in a maim er which is considered to be 
die most practical and prefeired embodiments. It is recognized, however, that departures may be 
made therefrom which are within the scope of the invendon and that obvious modificatioiis will 
occur to one skilled in the art upon reading this disclosure. - 



-20- 



wo 01/05459 PCTAJSOO/19034 
Whatisdaiznedis: 

1 . A system for aiding a patient in quitting smoking, cQn:q)rising: 
a device ibr aerosolizing a fonmilation; 

S a first plurality of containers ^ch are designed for being loaded into the device for 

aerosolizing formulation wherein the containers are comprised of nicotine and a phaimaceutically 
acceptable carrier and wherein the nicotine is present in a first concentration; 

a second plurality of containers c^^able of being loaded into tiie device for aerosolizing 
fbnnulation \dierein the formulation in the second plurality of containers is CQnq)rised of nicotine 
10 and a pfaaimaceuticaUy acceptable carrier and further wherein the nicotine is presemi^ 
fiumulation in a second concentration which is less than the first concentration. 

2. The system of claim 1, further comprising: 

a third phuality of containers which are designed for being loaded into the device for 
15 aerosolizing fbrmulatiQn wherein the containers are conqirised of nicotine and a pharroaceutically 
accqjtable canier and wherein the nicotiae is presem in a third ccmcentration v^ 
second ooncoxtration. 

3. The syston as clahnedm claim 1, wherein the formulation m the first phirahty of 

20 containers and the fonnulation in the second plurality of containers is a liquid flowable formulation 
wherein the nicotine is present m the fbnnuladon in a solution or suspension. 

4. The system as claimed in claim 3, wherein the first phirality of containers comprises a 
porous membrane for eadt container and further wherein the second phirality of containers 

25 comprises a porous membrane for each container. 

5. The system as claimed in claim 1, wherein the formulation in the first plurality of 
containers and the formulation in the second plurality of containers is a dry powder formulation. 

30 6. The system as claimed in claim 1 , wherein the first plurality of containers con^rises 

two or more canisters which canisters contain the formulation in the form of nicotine and low 
boiling point propellant and wherein the second plurality of containers omiprises two or more 
canisters wherein the formulation in the canisters comprises nicotine and a low boiling point 
propellant. 



35 
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7. The system as daimed in claim 1, whereia the device for aerosolizing fbimulation is a 
hand-held, self-contained device. 



8. llie systeni as clainied in daim 1, wherein the fim plurality of 

comprise a porous membnme wherein the pores have a first average size, and wherdnthe second 
plurality of containers each conqirise a porous membrane wherein the pores have a second average 
size which is larger than the first average size of the pores in the membrane of the first phi^^ 
containers. 

9. ' A device for aerosolizing a nicotine fonnulation, conqirisipg: 
a means for aerosolizipg formulation by allying force; and 

a means for adjustii^.the nieans for aerosolizing forinulation so that a different a 
can be ^lied based on the adjustment. 

10. Hie device as claimed in daim 9, fiirtfaer 

a container loaded into the device vriiich container is conqmsed of a fonnulation conq)ri5ed of 
nicotine and a phaimaceutically accqitable carrier. 

11. A kit for aiding a patient in quitting smddng, comprising: 

a first phiraUty of containers having therein nicotine and a pharmaceutically acceptable carrier, 
wherein die nicotine is presoit in a first concentration; 

a second plurality of ccHitainers having therein nicotine and a pharmaceutically acceptable 
carder wherein the nicotine is present in a second concentration whidi is less than the first 
concentration. 

12. The kit as claimed in claim 1 1, wherein the first plurality of containers and second 
plurality of containers hold the nicotine and pharmaceutically acceptable carrier in a liquid fiowabie 
form. 

13. Hie kit as claimed in claim 11, wherein the first plurality of containers and second 
phirality of containers each hold the nicotine and pharmaceutically acceptable carrier in a dry 
powder form. 
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14. A method of treatmoit, conq)Tising: 

(a) aerosolizing a foimuladon comprised of mootiiie cieaUng aerosolized paitides 
^ch are sufiBciently smaU as to taiget the alveoli of apatienfs respiratoiy tract; 

(b) allowing the patient to inhale the aerosolized particles of (a) thereby 
5 nicotine to enter the patient's blood; 

(c) repeating (a) and (b) a phirality of times; 

(d) aerosolizing a fDnmilation comprised of nicotine creating aerosolized paitides 
vMch are sized in order to target the bronchioles of the patient's respiratory tract; 

(e) aUowing the patient to inhale the aerosolized particles of (d) thereby targeting the 
10 bnmdnoles of the respiratory tract; and 

(0 repeating (d) and (e) a plurality of times. 

15. Hie mcdiodofclaim 14, further comprising: 

(g) aerosolizing a fQnnidatiancon4)rised of nicotine seating 
15 ^riiidi are sized in onter to taiget the bronciuofthe patient's respiratory 

(h) aUowing die patient to inhale the aerosolized particles of (g) into tte 
respiratory tract; and 

(i) rq)eating(g)and(h)aphiia]ityoftimes. 

20 16. The method ofclaim 14, iwfaerein the foiimilation is a liquid fbrn^ 

nicotine and an cxcapicnt sdected from the group consisting of an aqueous solvent to form solutions 
and a liquid to form suspensicms. 

17. The method of daim 14, wherein the formulation cciiq>rises a sohiticm or 

25 suspension of a nicotine and an aqueous solvent or liquid carrier and the aerosolized particles are 
created by moving the formulation through a porous membrane. 

18. A method of treatment, compnsingi 

(a) aerosolizing a formulation comprising about 0.25 mg or more of nicotine to create 
30 aerosolized particles which target an area of a patient's respiratory tract; 

(b) allowing the patient to inhale the aerosolized paiticles of (a) thereby causing 
nicotine to enter the patient's blood; 

(c> repeating (a) and (b) a plurality of times. 



35 



-23- 



wo 01/05459 PCT/USOO/19034 

19. The method of claim 18, further oonqinsing! 

(d) aerosolizing a fomuilatioii campnsiiig about 0.25 mg or more of nicotme to create 
aerosolized paitides which target a second area of the patient's respiratory tract; 

(e) aUowiiig the patient to inhale the aerosolized particles of (d) to the secondare 
the patient's respiratory tract; and 

(0 rq)eating (d) and (e) a plurality of times. 

20. A method conqnising the steps of: 

(a) aerosofiziDg a fisnnulatira comprised of nicotine creatiiig aerosol^^ 
having a diameter of 0.5 M.toabout2 ^; 

(b) aUowiog the patiem to inhafe the aerosolized particles of (a) into the pa^ 
respiratory tract; 

(c) rq)eatir^(a)and(b)aphiiaIityoftimes; 

(d) aemsoliziiig a fimmilatjon comprised of nicotine creating ag'osoliyjgd partidf s 
having a diameter of 2 |i to about 4 ^; 

(e) albwing the patient to inhate the amsoUzedpartides of 
respiratory tract; and 

(f) r^eatii%(d)and(e)aph]ralityoftimes. 

21. llie method ofciaim 20, further oomprisir^ the stq>s of: 

(g) aerosolizing a finntnilationcQn^rised of nicotine creating aerosol^^ 
having a diameter of 4 to about 8 ^; 

(h) aHovvingAe pattern to inhale the aerosolized partides of (g) into the pati 
respiratory tract; and 

(i) rq)eating(g)and(h)aphiralityoftimes. 
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